The present study is concerned with the effect of dietary L-carnitine supplementation on growth and lipid composition of red sea bream fingerlings. Varying dietary levels of L-carnitine (75, 545, 1087, 2088, and 4162 mg/kg) were administered to five groups of fish during a 42 day period. Fish receiving 2088 mg/ kg L-carnitine in their diet showed the highest increase in growth. Feed efficiency was positive ly correlated with the growth rate of fish and remarkably improved as the amount of L-carnitine in the diet increased up to 2088 mg/kg. Analysis of lipid composition showed that L-carnitine reduces the amount of free fatty acids in liver indicating an increased fatty acid utilization. Specifically it seems that L-carnitine promotes the utilization of long chain fatty acids (20-22 carbon atoms) judging from their reduced content in livers of fish fed on L-carnitine supplemented diets.
The present study is an attempt to investigate the effects of dietary L-carnitine on body growth and lipid composi tion of red sea bream Pagrus major.
Materials
and Methods
Experimental Condition
The experiment was conducted at the Fisheries Research Station, Faculty of Agriculture, Kyoto University, Maizuru, Kyoto. Fish from the same strain and grown on commercial diet were obtained from Miyaju station, Japan Sea-Farming Association. Four weeks before start ing the experiment fish fed on a prefeeding diet (diet 1) list ed in Table 1 . Then red sea bream fingerlings weighing about 9.6 g were randomly allocated to ten groups (20 fish 
Results
The effects of L-carnitine administration on red sea bream was investigated during an 42-day feeding experi ment. The results of the feeding trial are summarized in Table 2 . Fish fed on diets containing 1087 and 2088 mg/kg L-carnitine showed a statistically significant (p<0.05) higher specific growth rate (3.7%day, 3.8%day) than the control group (3.3%day). L-carnitine seemed to increase the feed efficiency since feed conversion ranged from 82% to 91.2% for the control group and the fish fed on feed containing 2088 mg/ kg L-carnitine. Daily feed intake did not differ much among groups. However, a slight decrease in daily feed consumption was observed to the fish received 2088 and 4162 mg/kg L-carnitine content in feed.
The proximate compositions of liver and muscle are shown in Table 3 . As it can be seen from the above table, fish fed on L-carnitine supplemented food had a higher crude lipid content than the control one. Lipid content in liver ranged from 22.61% for the control group until 26.16% for the group fed on 2088 mg/kg L-carnitine. This was at the expense of the water content of tissue since the protein and ash content both in liver was not affected much by L-carnitine. The increasing content of lipid in liver was observed also in muscle, ranging from 1.07% till 1.41 % The hepatosomatic index was also affected by L-car nitine ( Table 2 ). In general fish receiving L-carnitine had a heavier liver-in proportion to their body weight-than the control group.
Since L-carnitine is directly involved in the oxidation of free fatty acids (FFA), further analysis was carried out in neutral lipid classes to investigate any deference in FFA among groups (Tables 4 and 5 ). It seems that L-carnitine reduces the amount of FFA in liver. A constant reduction of FFA was observed from 15.5 mg/g till 9.04 mg/g liver as the amount of L-carnitine ranged from 75 to 4162 mg/ kg in feed. On the contrary the amount of triglycerides in Table 2 .
Results of a 42-day feeding trial of red sea bream the same tissue increased remarkably from 175.27 till 224.95 mg/g following the increasing amount of L-carni tine in feed. Similarly, triglycerides (TG) content in muscle was also affected by L-carnitine. The lowest TG value (2.4 mg/g tissue) was observed in the group fed on the control diet contained 75 mg/kg L-carnitine. In contrast with liver, a clear effect of L-carnitine on muscle FFA content was not observed. The effect of L-carnitine on fatty acid composition is shown in Tables 6 and 7 . In liver, long chain fatty acids (fatty acids with 20 to 22 carbon atoms) constituted about 14% of the total area for the fish receiving above 1087 mg/ kg L-carnitine in their diets in comparison with 17.3% for the control group. At the same groups of fish L-carnitine caused a reduction of highly unsaturated fatty acids (HU FA) in their livers. HUFA content declined from 8.8% at the control group to 6.8% at fish fed on 1087 mg/kg L-car nitine content. This is an indication of increased long chain fatty acid utilization in liver. Also in muscle the group fed on 1087 mg/kg L-carnitine had the lowest amount of HUFA and long chain fatty acids constituting 17.3% and 25.8% of the total area respectively. Table 7 . Fatty acid composition of muscle total lipids (area %) nally, working with common carp Varghese et al. *3 showed that L-carnitine supplemented at a level of 1000 mg/kg causes a positive effect on growth and food conver sion in carp.
The administration of L-carnitine in conjunction with the growth rate increase, improved feed efficiency, protein efficiency ratio, and protein and energy retention of catfish and carp.101,* These results are in agreement with the find ings of the present study. Feed efficiency was positively cor related with the growth rate of fish and remarkably im proved as the amount of L-carnitine in the diet increased up to 2088 mg/kg. On the other hand daily feed intake was slightly affected by L-carnitine administration. These Following the mammalian paradigm, in trying to inter pretive the results of the present study, one can assume that L-carnitine can promote the growth rate of fish, in crease feed efficiency and enhance the utilization of long chain fatty acids since: a) it is recognized L-carnitine is in volved in the oxidation of long chain fatty acids in mitochondria,5) b) carnitine facilitates the rate of perox isomal and microsomal oxidation of long chain fatty acids,24,25) c) carnitine is involved in the catabolism of bran ched chain amino-acids by the mitochondria, 26,27) and finally d) L-carnitine by modulating the coenzyme A/ acetylcoenzyme A28,29) ratio in the mitochondria eliminates the presence of acetylcoenzyme A. The reduction of acetyl coenzyme A has the following positive effects on fish biochemistry i) enhance carbohydrate catabolism; ii) en hance lipid catabolism and iii) enhance the rate of the Krebs cycle.
The results of this study-if verified and extended by fur ther work-indicate that L-carnitine administration may have a positive implication in red sea bream aquaculture. The supplement of feed with L-carnitine not only can en hances the growth rate of fish but also increases the utiliza tion of long chain fatty acids with a consequent increase in feed efficiency. Undoubtly this can reduce the production cost of red sea bream farming..
